Background contextPrevious studies have shown that modern
Introduction
Corrective surgery for adolescent idiopathic scoliosis (AIS) puts the patient at a risk of allogeneic transfusion because of the extent of exposure, complexity of the surgery, and longer operative times [1] [2] [3] [4] . Bowen et al. [3] found pediatric idiopathic scoliosis patients twice as likely to require transfusion, with a surgical time of more than 6 hours. Allogeneic transfusion carries the risks of sensitization, transfusion reactions, disease transmission, and surgical site infection [5, 6] . The rate of hospital-acquired infection rose from 3% to 20% when patients received allogeneic blood [7] .
Historically, a high percentage of patients received allogeneic blood to replace surgical blood loss [8] . With the use of modern blood conserving techniques, blood loss and the use of allogeneic blood for transfusion have reduced significantly [8] [9] [10] . Various blood conserving methods have been adopted in spinal surgery.
Tranexamic acid (TXA) has shown a definite benefit in both arthroplasty and spinal surgery at reducing blood loss and the need for a transfusion [4, [11] [12] [13] [14] [15] [16] [17] . A placebo-controlled study in pediatric patients undergoing scoliosis surgery found that TXA reduced blood loss by 41% [15] . Cell salvage has been shown to reduce allogeneic transfusion rates in spinal surgery [3, 18, 19] , but recent review articles show little evidence to support its routine use [12, 14] . A nonrandomized study has even showed increased blood loss in the cell-saver group [20] . Preoperative autologous blood donation has had mixed reports in the literature [21] [22] [23] [24] [25] .
Corrective surgery for AIS is performed on a regular basis at our institution. Our blood-saving protocol uses a combination of techniques, such as TXA infusion, cell-salvage, meticulous hemostasis with electrocautery, controlled hypotension (mean blood pressure of 50-60 mmHg), and warmed fluids and warming blanket (avoiding hypothermia). Our institution has low allogeneic transfusion rates because of these techniques [9] . Despite our low allogeneic transfusion rate, all patients are preoperatively crossmatched for 1 to 2 adult units (1unit≈270 mL) of blood.
Our patients are managed postoperatively according to a documented protocol that dictates a minimum of 2 days high dependency care, standardized fluid supplementation to maintain mean blood pressure above 60 mmHg, and daily blood analysis.
Our documented transfusion trigger value (TTV) is 7 g/dL. Low TTVs have been shown to safely lower allogeneic transfusion rates [8, 9, 26] .
This study was aimed at answering a number of questions:
1.
What is the pattern of postoperative blood loss in corrective surgery for AIS?
2.
What is an acceptable preoperative hemoglobin (Hb) level in corrective surgery for AIS?
3.
Is preoperative cross-matching necessary?
4.
When should postoperative Hb analysis occur?
5.
Is our view of the need for transfusion absolute, when perhaps it should be relative?
Methods
This was a retrospective review of consecutive children The assessment of the patient data structure was facilitated by the determination of the variance partition coefficient. This is a measure of the extent to which repeated Hb readings from specific individuals vary compared with mean levels in different individuals.
All analysis was undertaken using the multilevel modeling software MLwiN(version 2.25) (Centre for Multilevel Modelling), using the iterated general least squares procedure for parameter estimation. The sample size of 86 was assessed for adequacy to detect a difference in the outcomes for a multiple regression study of this design with a medium or large effect size. The ratio of fitted variables in the final multiple model to sample size was controlled to ensure the stability of parameter estimates.
Results

Descriptive summary of data
Ten males and 76 females were included in the analysis, aged between 10 and 17 years. There was no significant difference in mean age between males and females (p=.122). All demographic and studied data, where available, are summarized in Table 1 .
Variables corresponding to the number of blood-saving methods used during surgery and the type of curve were found not to discriminate sufficiently between patients. These variables were not included in subsequent analyses. Reinfused blood cell-saver volume (mL)
(177)
Crystalloid volume given during surgery (mL) Our sample is typical of the population to which we wish to generalize our results: in age, diagnosis, and surgical procedure. Hb, hemoglobin.
Uncontrolled regression models
Comparison of likelihood ratio statistics associated with a two-level null model and a simple multilevel regression model indicated that inclusion of all patient-level factors and covariates with the exception of the vertebrae covariate resulted in a significantly better model fit. These variables were thus carried forward to the further stages of the modeling process. Output from this series of models is summarized in Table 3 . 
Variance partitioning
The variance partition coefficient for the multilevel regression model was calculated to be 0.157, with the implication that daily variation in Hb levels between patients is relatively large 
Conclusions
Our analysis appears to indicate that gender and preoperative Hb level are the factors that most affect postoperative Hb, followed by age and use of enoxaparin. Highest postoperative Hb levels are recorded in older girls for whom enoxaparin was not used. We should, therefore, be mindful of young boys who are more likely to have low postoperative Hb levels: our study found that boys had, on average, 1.07 g/dL lower Hb levels than girls of the same age and that younger children had, on average, lower levels than Jones et al. [36] recommended cross-matching three blood units for instrumented spinal surgery, and our current practice is 1 to 2 units. Using modern blood-saving techniques, no child in our study required intraoperative allogeneic blood transfusion.
Although it is contrary to longstanding practice, we, therefore, consider preoperative cross-matching unnecessary and potentially wasteful of allogeneic blood reserves. However, we still recommend preoperative typing (group and save) in the event that allogeneic blood is required during the perioperative period. Thus, if the Hb shortly after surgery is 2 g/dL higher than the TTV, we consider that Hb analysis is only required again on the second postoperative day (assuming the patient is well).
Despite setting a TTV of 7 g/dL, two of the patients in our cohort were transfused for Hb values above the TTV (7.4 g/dL and 7.9 g/dL). This was in response to an Hb reading of less than the generally accepted TTV of 8 g/dL. We challenge what was an almost automated response to an Hb value below a certain TTV. According to our observation, a patient with an Hb level of 6.9 g/dL the day after surgery has a greater need for transfusion than a patient with an Hb level of 6.9 g/dL on the third postoperative day. We suggest considering an Hb result in relation to time, previous results and predicted future results, all within the limits of safe medical practice (eg, hemodynamic status of the patient). However, we do not deny the need for an absolute. We simply agree with other authors that the decision to transfuse be based on clinical judgment [37, 38] . 
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